Bait trap efficiencies were compared to construct a sampling method for wireworms, larvae of the click beetle Melanotus okinawensis (Coleoptera: Elateridae). Various combinations of bait material, bait preparation methods, and bait exposure periods were compared. Wireworms were more efficiently attracted by germinating rice seeds than other bait materials, such as sweet potato, potato, and carrot. Among the bait materials related to rice, germinating rice seeds attracted significantly more wireworms than other materials, such as unpolished rice, polished rice, rice seeds, and rice husks. Rice bran and germinating unpolished rice were lesser attractants than germinating rice seeds. Attractiveness increased only slightly with increasing periods of incubation of rice seeds. Attractiveness increased more slowly with the increase of rice seeds, indicating that 30 g was sufficient for attraction. The number of captured wireworms increased with increasing periods of field exposure, but we judged that three days of exposure might be an appropriate choice because the difficulty of handling traps increased with increasing periods of exposure. Under semiarid soil conditions, bait attractiveness was greatly enhanced by daily irrigation. It was shown that germinating rice seeds with moistened sphagnum moss are as effective as germinating rice seeds with daily irrigation.
INTRODUCTION
Wireworms, the larvae of click beetles (Coleoptera: Elateridae), are worldwide pests of root crops (e.g., Seal et al., 1992; Parker and Howard, 2001) , and grain crops (e.g., Toba and Turner, 1983; Kohno and Miyai, 1993) . In the Okinawa Islands, Melanotus okinawensis Ôhira (Coleoptera: Elateridae) is the dominant and most destructive insect pest of sugarcane (Hokyo, 1980; Kinjo, 1981, 1990 ). This species is distributed also on Minami-Daito Island in Okinawa Prefecture and on Amami-Oshima Island, Tokunoshima Island and Kikai-jima Island in Kagoshima Prefecture in Japan (Ôhira, 1988; Setokuchi et al., 1990) . Larvae of this species injure underground buds and root systems of plants, resulting in germination failure, dead-hearts, ratooning failure and losses in stand (Hokyo, 1980; Nagamine and Kinjo, 1981) .
The female sex pheromone for the click beetle was identified as dodecyl acetate in M. okinawensis (Tamaki et al., 1986) . Mass trapping with high trap density or mating disruption using a sex pheromone greatly reduced the yearly total trap catches of M. okinawensis in six or seven years of control experiments Yamamura et al., 2003; Arakaki et al., 2008a, b) . The effectiveness of control was also evaluated by yearly catches of wild adults by hand, and by their mating rates in these experiments; however, damage to sugarcane is caused by insects in the larval stage instead of the adult stage. To evaluate the effect of control more precisely, an efficient sampling method is required to estimate larval density.
The two techniques that have been used to detect wireworms are based on absolute and relative sampling methods. Soil core sampling has been applied as absolute sampling for wireworms (Jones, 1937; Ladell, 1938; Salt and Hollick, 1944; Onsager, Efficient bait for sampling the wireworm Melanotus okinawensis (Coleoptera: Elateridae) in a sugarcane field 1969) . In this method, the known surface area of a field is processed to a specified depth, and the number of wireworms within the sample is counted. This is labor-intensive and requires considerable time to extract wireworms from soil samples in the laboratory. Consequently, alternative methods have been proposed, such as using a suitable food bait buried in the ground (Apablaza et al., 1977; Toba and Turner, 1983; Jansson and Lecrone, 1989; Kohno and Miyai, 1993; Parker, 1994) or a more sophisticated system that incorporates the bait into a trap Doane, 1981; Kirfman et al., 1986; Bynum and Archer, 1987; Parker, 1994 Parker, , 1996 . Comparisons between the effectiveness of bait traps and soil sampling have generally demonstrated that bait trapping is either as effective as, or better than soil sampling for detecting wireworms (Doane, 1981; Kohno and Miyai, 1993; Parker, 1994; Lefko et al., 1998) .
Effective baits to trap wireworms have been developed in several studies in North America. Wheat, wheat/corn mixtures, and grain sorghum seeds were the most effective baits for sampling larvae of Melanotus that infest corn fields in the midwestern United States (Apablaza et al., 1977) . Oatmeal baits were most attractive to other species of wireworms in Canada (Doane, 1981) ; however, these materials are not produced in the region, including Okinawa Prefecture. Hence, we should construct alternative bait traps that are readily available for farmers in these fields. In this paper, we compared materials available in Okinawa Prefecture to sample larvae of M. okinawensis. Several root materials were compared first, since wireworms eat sugarcane roots. Several rice materials were also compared, since they are available materials that belong to the same family as sugar cane, Gramineae.
MATERIALS AND METHODS
Life cycle. Generally, adult emergence of M. okinawensis starts from early to mid-March, peak from early to mid-April, and terminates around the end of May (Arakaki et al., 2008a) . Adults mate and females lay eggs around the roots of sugarcane in this period. Larvae damage the sugarcane, feeding on the underground buds and root systems of sugarcane. In our rearing experiments of M. okinawensis larvae, the three-year life cycle was more common than the two-year life cycle (Arakaki, unpublished data) .
Experiment field. All experiments were conducted in a fallow field after the sugarcane harvest in Yomitan, Okinawa, Japan, from mid-June to early October, 2008. The ratoon stands were extremely poor in this field in April 2008 due to wireworm attacks. The wireworm density was therefore considered to be sufficiently high for experimentation. The field was plowed in mid-May 2008 for summer sugarcane replanting.
Identification of larvae. We can discriminate the larvae of the genus Melanotus spp. from those of other genera by the morphological characteristics of the abdomen (Ôhira, 1988) . Of the 298 wireworms captured during the experiments, 296 were Melanotus spp. We judged that these larvae were M. okinawensis and excluded the remaining two unidentified wireworms (0.7%) from the calculations. All wireworms collected by bait traps were more than 19 mm in length.
Trap structure. The bait was placed into a mesh filter bag (rayon 35% and polyester 65%; 26ϫ 13.5ϫ10 cm; Dusutoman , Kureha Co. Ltd., Tokyo). The large mesh size was about 2 mm, large enough for wireworms to enter freely. The bag was closed with hemp cord (60 cm). Adhesive red plastic tape was attached to the upper end of the cord to mark trap location. Seal et al. (1992) demonstrated that significantly more wireworms were found in the 0-10 cm profiles in bait than in the 10-20 or 20-30 cm profiles; therefore, the traps were placed at the bottom of holes 10 cm deep and 15 cm diameter. The holes were then covered with soil. Pieces of the hemp cord with plastic tape tags were left visible on the ground to indicate trap locations. Water was supplied near the traps in amounts sufficient to maintain soil moisture for rice seedlings.
Trap monitoring. We provided 12 replicates for each bait type. The traps were separated by 1m bare ground. Traps were generally examined at three-day intervals. In each examination, the soil covering the traps was removed and the traps were then removed by pulling the cords binding the bags. The traps were individually placed into transparent polyethylene bags (30ϫ40 cm), brought back to the laboratory and examined for wireworm quantities. The soil surrounding the traps was also examined on a white plastic tray (30ϫ21ϫ5 cm).
Wireworms found in this portion of soil were also recorded. Some soil attaches to the lower side of traps when bait bags are removed from the soil, due to the root extensions of seeds from the bags in several types of baits. This soil was also examined and wireworms were also found here. Thus, the total number of wireworms per trap consisted of the number of wireworms found 1) within the bags, 2) in soil masses attached to the bags, and 3) in the soil immediately surrounding the traps upon removal.
Comparison of bait materials. Three rhizome materials known to be susceptible to wireworms were tested (e.g., Seal et al., 1992; Parker and Howard, 2001; Horton and Landolt, 2002) : carrot (1 cm cubes), potato (1 cm cubes), and sweet potato (1 cm cubes). In addition, germinated rice seeds were used as bait; rice seed is a readily available material that belongs to the same family as sugar cane, Gramineae. Fifty grams of each material were placed into filter bags as described above. Rice seed was obtained from the Okinawa Prefectural Agricultural Center, Nago Branch. Dry rice seed (30 g) in a filter bag was soaked in water for 24 h, and incubated in a plastic box (33ϫ25ϫ 12 cm) with a lid at 25°C for three days to facilitate germination. We refer to this process of germination as a 'standard process' in the later part of this paper. As a control, dry kitchen paper (7.4 g) was placed into a filter bag and used after being moistened by water. Thus, five kinds of materials were compared in total. The exposure experiment was conducted on 18-21 July 2008.
Influence of processing on rice materials. Five rice materials were compared: rice seed (30 g), unpolished rice (30 g), polished rice (30 g), rice bran (30 g), and rice husk (10 g). Two kinds of germinating bait were additionally provided: dry rice seed (30 g) in a filter bag that had been incubated by the standard process, and unpolished rice (30 g) in a filter that had been incubated by the standard process. Thus, we compared seven kinds of rice bait. The exposure experiment was conducted on 28-31 July 2008.
Influence of incubation period of rice seed. To determine the most attractive stage of rice seed germination, we tested rice seed baits (each 50 g) that had been incubated for different periods. The seeds were soaked for 24 h in water and incubated in plastic boxes at 25°C for 0, 1, 2, 4, or 6 days.
These five kinds of bait were set in the field and examined as described above. The exposure experiment was conducted on 12-15 June 2008.
Influence of amounts of rice seed. Baits with different weights of dry rice seed (10, 20, 30, 50, 70 and 100 g) were provided to determine the optimal amounts for attraction. Dry rice seed was placed in a filter bag and incubated by the standard process. Six kinds of bait were then set in the field and examined as described above. The exposure experiment was conducted on 21-25 July 2008.
Influence of period of bait exposure. Baits were exposed for different periods (1, 2, 3, 5, 7, 10, and 15 days) in the field to determine the optimal time of bait exposure for wireworms. Dry rice seed in filter bags (50 g each) was incubated by the standard process. The seven kinds of bait were then set in the field and examined as described above, except for the difference in recovery dates. The exposure experiment was conducted from 18 June to 3 July 2008.
Effect of moistened sphagnum moss. To improve the effectiveness of bait traps under semiarid soil conditions, we used sphagnum moss with germinating rice seeds. The following combinations of materials were compared: 1) germinating rice seeds only, 2) germinating rice seeds with daily irrigation, 3) germinating rice seeds with dry sphagnum moss, 4) germinating rice seeds with moistened sphagnum moss, and 5) moistened sphagnum moss only (3 g dry weight). Dry rice seeds in filter bags (30 g each) were incubated by the standard process. Germinating rice seeds were then placed into filter paper together with dry sphagnum moss (3 g) or moistened sphagnum moss (3 g at dry weight). These five kinds of traps were set in the field and examined as described above except for the difference in the daily irrigation regimen. The exposure experiment was conducted from 30 July to 2 August 2008.
Statistical analysis. Capture of wild wireworms is a rare event and our observation data included many zero events; hence, we analyzed the observed number of wireworms by assuming Poisson errors. The fit of Poisson regression was confirmed by using Pearson chi-square statistics. If Pearson chisquare statistics was significant at pϽ0.05, we used over-dispersed Poisson regression using a dispersion parameter estimated by Pearson chi-square statistics (McCullagh and Nelder, 1989) . Differ-ences in each pair of trap types were tested by using Bonferroni inequality adjusted by the Shaffer method (Shaffer, 1986; Nagata and Yoshida, 1997) . The influence of quantitative factors (seed amount, incubation period, and exposure period) was analyzed by using polynomial regression up to the second order with Poisson errors. The significance of the second-order term indicates the curvature of the influence of quantitative factors, implying the existence of optimal quantity that maximizes the number of captured individuals. The significance of the first-order term indicates the existence of the influence of quantitative factors. The first-order term corresponds to the slope of linear regression. If Pearson chi-square statistics was not significant, Akaike Information Criterion (AIC) was also used to determine the best order of polynomial for prediction (Burnham and Anderson, 2002) . We used JMP for these calculations (SAS Institute, 2007) .
RESULTS

Comparison of bait materials
Wireworms were most abundant in germinating rice seeds (1.17/trap), followed in decreasing order by sweet potato (0.42/trap), potato (0.33/trap), carrot (0.25/trap) and control (moist kitchen paper, 0/trap) (Fig. 1) . Germinating rice seeds extended their roots, which held the soil surrounding the traps when we recovered the traps. The number of wireworms caught in germinating rice seeds was significantly different from those caught in moist kitchen paper and carrot baits (pϽ0.05), but not significantly different from those captured in sweet potato and potato baits.
Influence of processing on rice materials
Wireworms were most abundant in the germinating rice bait (1.25/trap), followed in decreasing order by rice bran (0.67/trap), germinating unpolished rice (0.42/trap), unpolished rice (0.25/trap) and polished rice (0.25/trap), along with rice seed (0.17/trap) and rice husks (0.17/trap) (Fig. 2) . The number of wireworms caught by germinating rice seeds was significantly different from those of other rice materials (pϽ0.05), except for those of rice bran and germinated unpolished rice seeds.
Influence of incubation periods of rice seeds
The number of wireworms caught by traps with germinated rice seed increased with increasing incubation periods (Fig. 3) . The slope of the linear Poisson regression was not significantly different from zero by the likelihood ratio test (pϭ0.153); however, AIC indicated that the linear model is most appropriate for predicting the number of catches among polynomial models. The adopted model was: (number of catches)ϭ0.742ϩ0.087ϫ 564 N. ARAKAKI et al. (incubation period).
Influence of amounts of rice seed
The number of wireworms caught by traps with germinated rice seeds increased more slowly with increasing amounts of rice seed (Fig. 4) and seemed to reach a plateau at around 30 g (1.17/ trap). Hence, a second order centered polynomial was fitted first. Pearson chi-square statistics indicated that the lack of fit of Poisson regression was significant (pϭ0.016). Hence, the test was performed by using an estimated dispersion parameter (1.402). Neither the first-order term (i.e., the slope of linear regression) nor the second-order term (i.e., the curvature) was significant by the likelihood ratio test: pϭ0.086 and pϭ0.287, respectively.
Influence of bait exposure period
The number of wireworms caught by traps increased with increasing periods of exposure (Fig.  5) . The first-order polynomial term (i.e., the slope of linear regression) was significant by the likelihood ratio test (pϭ0.002), but the second-order term (i.e., the curvature) was not significant (pϭ 0.322). AIC indicated that the linear model is most appropriate for predicting the number of catches among polynomial models. The adopted model was: (number of catches)ϭ0.438ϩ0.076ϫ(exposure period).
Effect of moistened sphagnum moss
Under semi-arid soil conditions, the number of wireworms caught by traps was largest in germinating rice seed bait with daily irrigation (0.91/ trap). Germinating rice seed with moistened sphagnum moss attracted a comparable number of wireworms (0.75/trap) (Fig. 6) . The number of wireworms caught by these two baits was significantly different from that of other three baits (pϽ0.05): germinating rice seed (0.17/trap), germinating rice seed with dry sphagnum moss (0.08/trap), and moistened sphagnum moss (0/trap).
DISCUSSION
We showed that germinated rice seed is the most effective bait to collect wireworms in the field. Germinated rice seed has much higher attractiveness than other non-rice materials (Fig. 1) . Germination is very important to enhance seed attractiveness (Fig. 2) . Doane et al. (1975) showed that wireworms are attracted to the CO 2 respired by seeds of wheat and other cultivated plant species. This CO 2 565 Efficient Baits for Sampling Wireworm Fig. 4 . Influence of the amount of germinating rice seeds on the mean number of wireworms per trap. Amount of dry rice seeds was changed from 10 g to 100 g. from germinating rice seeds may be the principal cause of the higher attractiveness observed. The low attractiveness of unpolished rice bait even when soaked with water was possibly due to the onset of alcohol fermentation. Rice bran had relatively high attractiveness (Fig. 2) and were surrounded by the mycelia of soil fungi when the traps were recovered; and the bait was surrounded by a ball of soil. Most of the wireworms in rice bran baits were found in this ball of soil (7/8). CO 2 or other volatile chemicals emitted from the fermented rice bran may be the cause of attractiveness. Rice bran has traditionally been used in the Minami-Daito Islands to control wireworms before the development of organochlorine insecticide. Clumps of rice bran were buried in furrows several days before planting, and the wireworms attracted to the clumps were removed by hand before planting (Kaneko, personal communication) .
An appropriate choice of incubation period of rice seed may be important to enhance attractiveness. Wireworm catches increased with a longer incubation period after soaking in water (Fig. 3) . Thus, we can achieve higher attractiveness by using longer incubation periods; however, with sixday incubation, traps in the plastic box became entangled by the sprouting roots extending from filter bags during incubation, making them difficult to handle. Furthermore, the slope (0.087) is not so large as the intercept (0.742) in Fig. 3 . Hence, rice seeds soaked in water for 24 h with three-day incubation may be sufficient as attractants.
An appropriate choice of the amount of rice seed also seems to be important. Attractiveness increases in a saturated manner with an increasing amount of rice seed (Fig. 4) . Although the influence was not statistically significant in the current experiment, 30 g seems to be the best choice. We should also consider the ease of handling when determining the optimal amount of rice seed. Parker (1996) showed that, when a large amount of corn/ wheat mixture (240 ml) in mesh bags was used as bait for wireworms, traps were filled with sprouting roots after the 14-day exposure period, making them difficult to handle. Too much seed will also make it physically difficult for wireworms to enter the trap. Kirfman et al. (1986) recommended 30 ml corn/wheat mixture as a wireworm attractant.
The exposure period of traps should be appropriately determined. The number of wireworms caught by traps generally increased with increasing exposure periods (Fig. 5) , indicating that longer exposure is preferable for collecting a larger number of wireworms; however, longer exposure causes problems with trap handling. With 10-15-day exposure, filter bags broke frequently at recovery. Two factors seem to cause such breaks; sprouting roots enter the soil deeply while filter bags become somewhat decomposed by soil bacteria when the exposure period is long.
Daily irrigation of the soil on the upper surface of the bait traps is desirable to enhance the catchability of wireworms (Fig. 6) . Under semi-arid soil conditions in the field, germinating rice seeds may soon wilt without daily irrigation and the respiratory emission of CO 2 will probably stop, and thus become less attractive to wireworms. Similarly, Lees (1943) found that Agriotes larvae reacted negatively to dry soil by moving downward; however, daily irrigation may be difficult in practice, so a combination of germinating rice seed with moistened sphagnum moss can be effective (Fig. 6) . Furthermore, moistened sphagnum moss improves the performance of germinating seeds. Traps containing only germinating rice seeds were filled with sprouting roots. Such sprouting roots make it difficult (or needless) for wireworms to enter traps. In traps with germinated rice seeds only, the proportion of wireworms found inside the bag was 4/11; more wireworms were found in soil held by roots extending from the bag. In contrast, in traps of germinating rice seeds with moistened sphagnum moss, the proportion of wireworms found inside the bag was 8/9. The moistened sphagnum moss may create spaces for wireworms to enter the bag. In conclusion, we can currently recommend the following preparation of baits for traps: germinating rice seeds (30 g) treated by the standard process should be exposed for three days with moistened sphagnum moss.
